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The studies were conducted at Kutas canal near Artind, Hungary. In order to reveal 
whether there is any relationship between wing fluctuating asymmetry and mating success 
in mated (observed at least once in wheel position) and solitary 8 8 (not involved in 
pairing during the study period), 106 6 8 were marked and their wing length between 
arculus and pterostigma measured. Mated 8 8 had more symmetrical forewings, but in 
the case of hindwings there were no differences between solitary and mated individuals. 

The survival rate did not differ between the 2 groups and it was constant over time. The 
probability of recapture was higher in mated 8 8 and varied with time. The number of 
hours spent with observation did not explain the variation in the recapture rate. 

INTRODUCTION 

Developmental stability reflects the ability of individuals to avoid genetical and 
environmental stress (PALMER & STROBECK, 1986). One measure of developmental 
stability is fluctuating asymmetiy (FA) that occurs when small, random deviations 
from perfect symmetry occur in a bilaterally symmetrical trait. The degree of asymmetry 
can indicate the quality of an individual: higher-quality individuals are more resistant 
to stress and develop symmetrical traits (M0LLER & POMIANKOWSKI, 1993). On 
the other hand some authors suggest that the relationships between developmental 
stability and various fitness components are weak (CLARKE, 1998; MARKOW & 
CLARKE, 1997; PALMER & STROBECK, 1997; WHITLOCK & FOWLER, 1997). 
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In recent years several studies of mating success, survival and fluctuating asymmetry 
of dragonflies and damselflies have been published (HARVEY & WALSH, 1993; 
CORDOBA-AGUILAR, 1995; CORDERO et al., 1997; FORBES et al., 1997; 
JENNIONS, 1998; CORDERO RIVERA & ANDRES, 1999; CARCHINI et al., 2000, 
2001 ). 

Current interest in sexual selection research focuses on the relationship between 
fluctuating asymmetry and mating success. HARVEY & WALSH (1993) found that 
males with more symmetrical wings enjoyed higher lifetime mating success in 
Coenagrion puella. CORDOB A-AGUILAR (1995) found a similar relationship in 
short-term mating success in males of Ischnura denticollis. In the case of lschnura 
graellsii the correlation between absolute FA and lifetime mating success was not 
significant (CORDERO et al., 2002). CARCHINI et al. (2001) did not found any 
correlation between FA and heterozygosity, body size and short-term mating success. 
There was also no relationship between wing asymmetry and mating success in 
Coenagrion resolutum (FORBES et al., 1997), Xanthocnemis zealandica 
(HARDERSEN, 2000) and Ischnura elegans (SZALLASSY et al., 2000). 

Investigations covering the whole reproductive period (HARVEY & WALSH, 1993; 
CORDERO et al., 1997) are directed to the reproductive activity of individually marked 
specimens and relate the symmetry of bilateral traits to the number of copulations. 
Several mark-recapture studies show that males marked in copula were more skilled in 
survival and reproduction (CORDERO et al., 1997; CORDERO & ANDRES, 1999). 
Mark-recapture techniques working with models have become widespread only in 
recent years (CORDERO et al., 1997; CORDERO & ANDRES, 1999; ANDRES & 
CORDERO, 2001; ANHOLT, 1997; ANHOLT et al., 2001). The use of models that 
take into account both recapture and survival possibilities allows a better understanding 
of population dynamics of damselflies and dragonflies (ANHOLT, 1997). 

Libellula julva is a sexually dimorphic, territorial libellulid, characterized by a long 
copulation duration and non-contact guarding during oviposition. This species is 
particularly suitable for mark-recapture studies, because it shows site-attachment and 
it is easy to observe and mark. Publications on FA in odonates mainly refer to non- 
-territorial Zygoptera, while in this study our model species was a territorial Anisoptera. 
Survivorship of L julva individuals belonging to a nearly closed population was studied 
using mark-recapture models to analyse survival and recapture rate of mated and solitary 
specimens. We wanted to reveal whether any correlation exists between wing fluctuating 
asymmetry and mating success of the selected species. 

MATERIAL AND METHODS 


Libellula fulva adults were observed at Kutas canal, a small, lowland stream in East-Hungary 
(23°06’24,5”E, 47°47’26,2”N, 103 m). The larval habitat is restricted to a relatively small section of 
approximately 2600 m length, from which only 1060 m is natural, the rest was made by replacing the 
original stream-bed with a straight, artificial ditch in the second part of the 19 th century. Both sections 
support diverse vegetation, the first is dominated by Typha latifolia and various species of Carex spp.. 
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while massive stands of Sium erectum and Mentha aquatica as well as Carex spp. characterizes the latter. 
Many unique and diverse habitats including the study area have been nearly annihilated in Hungary during 
the past water regulation processes, which restricted the distribution of L fulva to very confined, small 
habitat fragments, where large colonies are common. The studied population of L fulva can be regarded as 
a closed population because no other suitable habitat except for the small fragment of the once natural 
section of the stream was available for them for resettling. 

Males of L fulva were studied by direct observation from 6 until 15 June 2000. A total of 106 fully 
coloured males was individually marked and immediately released at the site of capture. The unique 
numbers written by permanent marker (type Edding 100, red and blue) on the right wings remained 
conspicuous throughout the observation period. 

The distance between arculus and proximal comer of the pterostigma was measured with a caliper to the 
nearest 0.1 mm at the time of marking. A 1340 m long section of the stream (covering the whole natural 
section and part of the artificial one) was selected for daily surveys made at the peak of the dragonflies’ 
activity, usually between 9.00 and 16.00 h when weather conditions were favourable. Seeking marked 
individuals was aided by binoculars, and their number, location, reproductive state (mated or solitary) as 
well as the time of resighting were noted. Considering that the copulation duration of L fulva is long 
(between 30-50 min, but could be even more, pers. obs.), and that two persons surveyed the study site 
continuously and observations coincided with daily pairing activity, there is only a weak chance of 
overlooking pairing individuals and classifying them into a wrong group. At the same time some matings 
may have remained unnoticed in case individuals occasionally mated after 16.00 h. Observations took on 
the average 6.2 hours per day. 

The value of fluctuating asymmetry (FA) was expressed as the absolute difference between right and 
left wings. We used the Kolmogorov-Smimov test to verify the normality of the distribution of FA values 
and the Mann-Whitney U test to analyse them. Repeatability of wing measurements was calculated according 
to LESSELS & BOAG (1987). Statistics were performed with SPSS for Windows statistical package 
(1998). 

Mark-resight data were analysed by the program MARK 1.9 (WHITE & BURNHAM, 1999). The 
suitability of Cormack-Jolly-Seber (CJS) model was tested with the RELEASE GOF (BURNHAM et al, 
1987) and with the Bootstrap GOF procedure included in MARK. The model with the best fit to the data 
was selected from the 25 built-in basic models on the basis of Akaike Information Criterion (AICc) 
(ANDERSSON et al.,1994) and likelihood-ratio test (LRT) (LEBRETON et al., 1992). The effect of 
external variables on the recapture rate was tested using LRT test and analysis of deviance test (ANODEV) 
(SKALSKI et al., 1993). 


RESULTS 

Of 106 marked and measured males, 35 (33%) were never seen again; thus their 
measurement values were not included in the statistical analysis of fluctuating 
asymmetry. 

Resighted males were divided into two distinct groups: ‘solitary’ individuals were 
never involved in copulations (52 individuals, 49 %), while ‘mated’ ones were observed 
at least once in wheel position (19 individuals, 18 %). Only two males were seen in 
copula two times. Since our study did not cover the whole flight period (observations 
taking ten consecutive days) and we could not estimate reliable lifetime mating success, 
the maximum number of copulations per male remained low. 

Repeatability of wing measurements was checked on the right wings of 45 previously 
collected and preserved specimens. The repeatability value (r) was 0,97 (SE=0.0001) 
for forewings and 0.99 (SE=0,0013) in the case of hindwings. However this is not a 
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Table I 

Differences in mean wing measurements (± SD) on 
Ubellula Julva males 


Condition 


Forewing 

Hindwing 


n 

left 

right 

left 

Right 

Unmated 

52 

15.07 

15.11 

16.69 

16.55 



(0.48) 

(0.63) 

(0.47) 

(0.52) 

Mated 

19 

14.97 

14.98 

16.58 

16.46 



(0.45) 

(0.59) 

(0.56) 

(0.54) 


proper way to test the true repeatability 
because the possibility of measurement 
error is lower under laboratory 
conditions than in the field. 

Table I gives the measured wing- 
values of marked males. Both FA values 
were non-normally distributed 
(Kolmogorov-Smimov test, forewings: 
Z=1.40, p=0.03, hindwings: Z=1.35, 
p=0.05). FA values differed 
significantly between the two groups in a way that mated individuals had more 
symmetrical forewings than solitary ones (Fig. 1, Mann-Whitney U test Z= -1.93, 
p=0.05). No differences were found in the FA values of the hindwings (Fig. 1, Mann- 

- Whitney U test Z= -1.48, p=0.62). 

The general CJS model, S gV P gn , fit the data (RELEASE GOF: x^lO.211, df=13, 
p=0.676) (Tab. II). The bootstrap GOF test of MARK indicated lower level of fit for 
the CJS model (1000 repeats, p=0.06). Further model selection using MARK showed 
that out of the 25 basic models the S., P g+t proved to be the most appropriate. This 
model suggests that the survival rate is constant and does not differ between the two 
groups (S.). The recapture rate differed between mated and solitary males, and varied 
with time (P g+( ), the values being higher for mated males (Fig. 2). Bootstrap GOF test 
made by MAKK supported the fit of the model S., P g+t to the data (1000 repeats, p=0.138). 
Likelihood ratio tests between the nested models showed that 

- survival rates did not differ between mated and solitary males (S., P g+t vs S g P g+< 
model; x^-005, df=l, p=0.944) 

- survival was constant over time (S., P vs S, P * x^.383, df=5, p=0.194) 

g+t l g+t 

- the recapture rate differed between mated and solitary males (S., P g+t vs S., P t ; x-5.536, 
df=l, p=0.019). The recapture rate of mated males was higher than that of solitary 
ones 

- the recapture rate was not constant over time (S., P g+t vs S., P g x 2 =26.13, df=8, p=0.001) 

- the observation effort (no. of hours spent daily with observation) did not explain the 
variation in the recapture rate (S., P g+t vs S., P g+eff0ft x 2 =25.884, df=7, p<0.001). The 
ANODEV test supported that observation effort, considered as group covariate, could 
not explain the variation in the recapture rate over time (Fj ? =0.067, p=0.804). 


DISCUSSION 


The marked individuals were resighted with high frequency in the study area. 67 % 
of marked males were seen at least twice, mostly because there was no other similar 
habitat in the neighbouring areas to which they could disperse. Compared with other 
similar studies on Anisoptera species, our resighting rate was very high [(23.1 % for 
Orthetrum coerulescens PARR (1983) and 22.89% for Libellula pulchella in 
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mcmillan (2000)]. 

The analysis of the 
relationship between a trait 
asymmetry and mating success 
has resulted in contradictory 
findings in different studies. In 
many taxa symmetry correlates 
with male mating success in a 
way that males with low level 
of asymmetry achieve more 
matings [LIGGETT et al., 1993 
(Scatophaga stercoraria ); 
ALLEN & SIMMONS, 1996 
(Sepsis cynipsea ); MARKOV 
& RICKER, 1992 (Drosophila 
spp.)], but the study of 
TOMKINS & SIMMONS 
(1998) on earwigs has shown 


E 

E 


( 1 ) 

JD 

(0 

> 

£ 

3 

O 

if) 

-Q 

CU 

CD 


• 6 , 


.5 


2 . 2 


0.0 


52 

Non-mated 

Forewings 


19 

Mated 


52 

Non-mated 


19 

Mated 


Hindwings 


Fig. 1. Wing asymmetry values of mated and solitary L fulva 
males. The differences were significant only in the case of 
forewings. 


no correlation between mating success and FA. 

In odonates wing asymmetry was negatively correlated with mating success in 
Coenagrion puella (HARVEY & WALSH, 1993) and Ischnura denticollis 
(C6RDOB A-AGUILAR, 1995). In C. resolution there was no relationship between 
wing asymmetry and mating success (FORBES et al., 1997), similarly between natural 
levels of asymmetry in tibial whiteness, mating rate, courting rate and fighting behaviour 
in Platycypha caligata (JENNIONS, 1998). 

FA may sometimes influence flight performance in the field (PALMER, 1994). 
M0LLER (1992) reported that males of Hirundo rustica with symmetrical wings and 
outermost elongated tail feathers were preferred by females, while B ALMFORD et al. 
(1993) stated that more symmetrical males were aerodynamically superior. 
McLACHLAN (1997) reported that increased asymmetry reduced flight duration, wing- 
beat frequency and increased wing-beat amplitude in midges. Mating success was also 
reduced in asymmetrical male midges. 

In our case the mated males had more symmetrical forewings than the solitary ones, 
but no difference was found in the asymmetry of hindwings. The different wings are 
playing different roles in flight: forewings have a principal role in manoeuvrability and 
hindwings serve mainly for acceleration. Therefore it is possible that forewing 
asymmetry can influence flight abilities. Males with a good manoeuvrability can fight 
more efficiently with rivals and acquire mates more easily (CONVEY, 1989), although 
our results do not unanimously support this conclusion. Individuals in wheel position 
with heavily damaged wings were also observed in several cases, thus FA may not be 
a good measure of male quality and therefore has no significant effect on mating success. 
LEUNG & FORBES (1997) came to the conclusion that FA was not related to an 
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Table U 

Models with best fit, the Cormack-Jolly-Seber and 
the nested models used in likelihood ratio tests. 
Abbreviations: AICc - Akaike Information 
Criterion, Par - parameters, S - survival rate, P - 
recapture rate, g - group, t -time, effort - no. of 
hours spent daily with observation 


index of quality, the wet mass of newly 
emerged or mature adult damselflies. 
CORDERO et al. (2002) reported that in 
the case of Ischnura graellsii FA was not 
an important correlate of lifetime mating 
success. 


In most studies differences of recapture 
and survival rates of males and females have 
been investigated. According to FINCKE 
(1986) no differences in survival between 
sexes should be expected to occur in most 
populations of Odonata. However, 
empirical results seem to contradict this 
assumption. WAAGE (1972) reported that 
males of territorial damselfly Calopteryx 
maculata had lower survival rates than females. In an /. elegans population the 
probability of daily survival of males was higher than that of females (ANHOLT et al., 
2001). The probability of daily survival did not differ between sexes in C. puella 
(ANHOLT et al., 2001) and Ceriagrion tenellum (ANDRES & CORDERO, 2001). 
STOKS (2001b) found that during maturation females of Lestes sponsa had slightly 
lower daily survival probabilities than males, which generated male-biased mature sex 
ratio. In mature populations he found equal survival for males and females in one field 
population, while in the other, mature survival probabilities were higher in males than 
in females. 


Model AICc No. Par Deviance 


S.,P 

’ g-K 

S,P 

*' g* 

s*» p, 

631.6 

633.8 

634.9 

S,p 

t’ g-H 

S.,P 

635.5 

640.6 

Pg«ffort 

642.4 

S gv p s, 

672.5 


11 

326.0 

12 

326.0 

10 

331.5 

16 

318.6 

3 

352.1 

4 

351.9 

34 

310.1 


The model selection with MARK showed that the survival rate of the two male 
groups was the same and constant over time. The daily survival rates of both solitary 
and mated males were high as revealed by the model with the best fit. The high survival 
rates could be a result of the favourable weather conditions (dry, warm and sunny) 
during the study period (THOMPSON, 1990). Similar high daily survival rates were 
found in the case of Hetaerina cruentata (CORDOBA-AGUILAR, 1994), /. elegans 
and C. puella (ANHOLT et al., 2001). 

Higher recapture rates for males have been reported widely in damselflies (PARR & 
PARR, 1972; GARRISON, 1978; ANHOLT, 1997; ANDRES & CORDERO, 2001; 
STOKS, 2001 a), only DUFFY (1994) reported higher recapture rate for females. In the 
background of low female recapture rates lies the more cryptic behaviour of females, 
as well as the fact that they spend less time at the water’s edge and more time with 
feeding on adjacent areas (ANHOLT, 1992). In damselflies, females come to the water 
for oviposition, between visits they stay away from the pond to mature a new clutch 
(BANKS & THOMPSON, 1987). In one study of /. elegans the recapture rates for 
males and females were similar (ANHOLT et al., 2001). 

The higher recapture rate of mated individuals over solitary ones can be associated 
with the territorial behaviour of mated males. Territory holders are more conspicuous 
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at oviposition sites where they 
defend a small area with patrol 
flights and perching on sites 
with good visibility options. 

Males engaged in mating, in 
wheel position or guarding 
female during her oviposition 
are also easier to observe than 
solitary ones. The behaviour of 
solitary males in this study and 
that of females observed in 
other studies seem to be similar 
in a way that both of them 
behave inconspicuously and spend a lot of time far from the oviposition site. On the 
other hand we cannot exclude the effect of a temporal emigration of solitary males on 
their lower recapture rate. As the recapture rates of both male groups were running in 
a parallel way (Fig. 2) and the observation effort did not affect it, it is possible that both 
are influenced by a common external variable (like weather). 

Past reproductive success is thought to be an important factor in habitat selection and 
breeding fidelity. Among more correlational studies covering different taxa there are 
just a few experimental manipulations of reproductive success (e.g. SWITZER, 1997; 
BOLLINGER & GAVIN, 1989) that controlled other interacting factors, but their 
findings seem to be reliable. A relevant example is the study of SWITZER (1997) on 
Perithemis tenera , where males prevented from mating were much more likely to change 
sites in the following day than control ones that were allowed to mate. This could 
provide an other explanation why unpaired males in our study were seen less frequently, 
although their survival was similar to the mated males. 

AKNOWLEDGEMENTS 


• Solitary c Mated 

0.8r 



0.0 1 -1-1-1-1-1-1-1-1_I 

0123456789 

Days 

Fig. 2. Recapture rate of mated and unmated L fulva males 
according to the S., P g+l model, where the survival rate (S) was 
constant and the recapture rate (P) was different in the two male 
groups (g) and varied with time (t). 


We are very grateful to ADOLFO CORDERO RIVERA for his constructive remarks on the manuscript This 

work was supported by the Hungarian Scientific Research Found (OTKA) Ref. No. F30527 and T29853. 

REFERENCES 

ALLEN, G.R. & L.W. SIMMONS, 1996. Coercive mating, fluctuating asymmetry and male mating success 
in the dung fly Sepsis cynipsea. Anim. Behav. 52: 737-741. 

ANDERSON, D.R., K.P. BURNHAM & G.C. WHITE, 1994. AIC model selection in overdispersed 
capture-recapture data. Ecology 75: 1780-1793. 

ANDRES, J.A. & A.CORDERO, 2001. Survival rates in a natural population of the damselfly Ceriagrion 
tenellum: effects of sex and female phenotype. Ecoi Ent. 26: 341-346. 

ANHOLT, B.R., 1992. Sex and habitat differences in feeding by an adult damselfly. Oikos 65: 428-432. 

ANHOLT, B.R., 1997. Sexual size dimorphism and sex-specific survival in adults of the damselfly Lestes 
disjunctus. Ecoi Ent. 22: 127-132. 




150 


N. Szdllassy, E. Bdrdosi, Z.D. Szab6, T. Szdp & G. Ddvai 


ANHOLT, B.R., C. VORBURGER & P. KNAUS, 2001. Mark-recapture estimates of daily survival rates 
of two damselflies (Coenagrion puella and Ischnura elegans). Can. J. Zool. 79: 895-899. 

BALMFORD, A., I.J. JONES & A.L.R. THOMAS, 1993. On avian asymmetry: evidence of natural selection 
for symmetrical tails and wings in birds. Proc. R. Soc. Land, 252: 245-251. 

BANKS, M.J. & D.J. THOMPSON, 1987. Lifetime reproductive success of females of the damselfly, 
Coenagrion puella. J. Anim. Ecol. 56: 815-832. 

BOLLINGER, E.K. & T.A. GAVIN, 1989. The effects of site quality in breeding site fidelity in bobolinks. 
Auk 106: 584-594. 

BURNHAM, K.P., D.R. ANDERSON, G.C. WHITE, C. BROWNIE & P.H. POLLOCK, 1987. Design 
and analysis methods for fish survival experiments based on release-recapture. Am. Fisheries Soc. 
Monogr. No. 5,437 pp. 

CARCHINI, G., F. CHIAROTTI, M. DI DOMENICO & G. PAGANOTTI, 2000. Fluctuating asymmetry, 
size and mating success in males of Ischnura elegans (Vander Linden) (Odonata: Coenagrionidae). 
Anim . Behav. 59: 177-182. 

CARCHINI, G., F. CHIAROTTI, M. DI DOMENICO, M. MATTOCCIA & G. PAGANOTTI, 2001. 
Fluctuating asymmetry, mating success, body size and heterozygosity in Coenagrion scitulum 
(Rambur) (Odonata: Coenagrionidae). Anim. Behav. 61: 661-669. 

CLARKE, G.M., 1998. Developmental stability and fitness: the evidence is not quite so clear. Am. Nat. 
152: 762-766. 

CONVEY, P., 1989. Influences on the choice between territorial and satellite behaviour in male Libellula 
quadrimaculata Linn. (Odonata: Libellulidae). Behaviour 109: 125-141. 

CORDERO RIVERA, A. & J.A. ANDRES, 1999. Lifetime mating success, survivorship and synchronized 
reproduction in the damselfly Ischnura pumilio (Odonata: Coenagrionidae). Int. J. Odonatoi 2: 
105-114. 

CORDERO RIVERA, A., F.J. EGIDO PfiREZ & J.A. ANDRES, 2002. The effect of handling damage, 
mobility, body size, and fluctuating asymmetry on lifetime mating success of Ischnura graellsii 
(Rambur) (Zygoptera: Coenagrionidae). Odonatologica 31: 117-128. 

CORDERO, A., 1995. Correlates of male mating success in two natural populations of the damselfly 
Ischnura graelsii (Odonata: Coenagrionidae). Ecol. Ent. 20: 213-222. 

CORDERO, A., S. SANTOLOMAZZA CARBONE & C. UTZERI, 1997. Male mating success in a 
natural population of Ischnura elegans (Vander Linden) (Odonata: Coenagrionidae). Odonatologica 
26: 459-465. 

C6RDOBA-AGUILAR, A., 1994. Adult survival and movement in males of the damselfly Hetaerina 
cruentata (Odonata: Calopterygidae). Fla Ent. 77: 256-264. 

CORDOBA-AGUILAR, A., 1995. Fluctuating asymmetry in paired and unpaired damselfly males Ischnura 
denticollis (Burmeister) (Odonata: Coenagrionidae). J. Ethol. 13: 129-132. 

DUFFY, W.G., 1994. Demographics of Lestes disjunctus disjunctus (Odonata: Zygoptera) in a riverine 
wetland. Can. J. Zool. 72: 910-917. 

FINCKE, O., 1986. Lifetime reproductive success and the opportunity for selection in a nonterritorial 
damselfly (Odonata: Coenagrionidae). Evolution 40: 791-803. 

FORBES, M., B. LEUNG & G. SCHALK, 1997. Fluctuating asymmetry in Coenagrion resolutum (Hagen) 
in relation to age and male pairing success (Zygoptera: Coenagrionidae). Odonatologica 26: 9-16. 

GARRISON, R.W., 1978. A mark-recapture study of imaginal Enallagma cyathigerum Charpentier and 
Argia vivida Hagen (Zygoptera: Coenagrionidae). Odonatologica 1: 223-236. 

HARDERSEN, S., 2000. The role of behavioural ecology of damselflies in the use of fluctuating asymmetry 
as a bioindicator of water pollution. Ecol. Ent. 25: 45-53. 

HARVEY, I.F. & K.J. WALSH, 1993. Fluctuating asymmetry and lifetime mating success are correlated 
in males of the damselfly Coenagrion puella (Odonata: Coenagrionidae). Ecol. Ent. 18: 198-202. 

JENNIONS, M.D., 1998. Tibial coloration, fluctuating asymmetry and female choice behaviour in the 
damselfly Platycypha caligata. Anim. Behav. 55: 1517-1528. 

LEBRETON, J.D., K.P. KENNETH, J. CLOBERT & D.R. ANDERSON, 1992. Modeling survival and 



Fluctuating asymmetry in Ubellula fulva 


151 


testing biological hypotheses using marked animals: a unified approach with case studies. Ecol 
Monogr. 62: 67-118. 

LESSELS, C.M. & P.T. BOAG, 1987. Unrepeatable repeatabilities: a common mistake. Ardea 104: 116-121. 

LEUNG, B. & M.R. FORBES, 1997. Fluctuating asymmetry in relation to indices of quality and fitness in 
the damselfly, Enallagma ebrium (Hagen). Oecologia 110: 472-477. 

LIGGETT, A.C., I.F. HARVEY & J.T. MANNING, 1993. Fluctuating asymmetry in Scatophaga stercoraria 
L.: successful males are more symmetrical. Anim. Behav. 45: 1041-1043. 

MARKOW, T.A. & G.M. CLARKE, 1997. Meta-analysis of the heritability of developmental stability: a 
giant step backward. J. evol. Biol 10: 31-37. 

MARKOW, T.A. & J.P. RICKER, 1992. Male size, developmental stability, and mating success in natural 
populations of three Drosophila species. Heredity 69: 122-127. 

McLACHLAN, A., 1997. Size or asymmetry: an experiment to determine which of the two accounts for 
mating success in male midges. Ecoscienee 4: 454-459. 

McMILLAN, V.E., 2000. Postcopulatory behavior in Libellula pulchella Drury (Odonata: Libellulidae) 
and female tactics for avoiding male interference with oviposition. J. Insect Behav. 13: 573-583. 

M0LLER, A.P., 1992. Female swallow preference for symmetrical male sexual ornaments. Nature , Land. 
357: 238-240. 

M0LLER, A.P. & A. POMIANKOWSKI, 1993. Fluctuating asymmetry and sexual selection. Genetica 
89: 276-279. 

PALMER, A.R., 1994. Fluctuating asymmetry analysis: a primer. In: T.A. Markow, [Ed.], Developmental 
instability: its origins and evolutionary implications , pp. 335-364. Kluwer, Dordrecht. 

PALMER, A.R. & C. STROBECK, 1986. Fluctuating asymmetry: measurement, analysis, pattern. A. 
Rev. Ecol Syst. 17: 391-421. 

PALMER, A.R, & C. STROBECK, 1997. Fluctuating asymmetry and developmental stability: heritability 
of observable variation vs. heritability of inferred cause. J. evol Biol 10: 39A9. 

PARR, M.J. & M. PARR, 1972. Survival rates, population density and predation in the damselfly Ischnura 
elegans (Van der Linden) (Zygoptera: Coenagrionidae). Odonatologica 1: 137-141. 

PARR, M.J., 1983. Some aspects of territoriality in Orthetrum coerulescens (Fabricius) (Anisoptera: 
Libellulidae). Odonatologica 12(3): 239-257. 

SKALSKI, J.R., A. HOFFMAN & S.G. SMITH, 1993. Testing the significance of individual- and cohort- 
level covariates in animal survival studies. In: J.D. Lebreton & P.M. North, [Eds], Marked 
individuals in the study of bird population , pp. 9-28. Switzerland. 

SPSS for Windows (1998) Release 9.0. SPSS Inc. 

STOKS, R., 2001a. Male-biased sex ratios in mature damselfly populations: real or artefact? Ecol Ent. 26: 
181-187. 

STOKS, R., 2001b. What causes male-biased sex ratios in mature damselfly populations? Ecol Ent. 26: 
188-197. 

SZALLASSY, N., E. BARDOSI, D.Z. SZAB6 & G. DfiVAI, 2000. Fluctuating asymmetry and mating 
success in mated and solitaiy Ischnura elegans (Odonata: Coenagrionidae) males. Hidrologiai 
Kozlony 81: 514-516. — [Hung., with Engl, s.] 

SWITZER, P.V., 1997. Past reproductive success affects future habitat selection. Behav. Ecol Sociobiol 
40: 307-312. 

THOMPSON, D.J., 1990. The effects of survival and weather on lifetime egg production in a model 
damselfly. Ecol Ent. 15: 455-462. 

TOMKINS, J.L. & L.W. SIMMONS, 1998. Female choice and manipulation of forceps size and symmetry 
in earwigs. Anim. Behav. 56: 347-356. 

WAAGE, J.K., 1972. Longevity and mobility of adult Calopteryx splendens (Beauvois, 1805) (Zygoptera: 
Calopterygidae). Odonatologica 1: 155-162. 

WHITE, G.C. & K.P. BURNHAM, 1999. Program MARK: survival estimation from populations of marked 
animals. Bird Study 46: S120-S139. 

WHITLOCK, M.C. & K. FOWLER, 1997. The instability of studies of instability. J. evol Biol 10: 63-67. 



